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A bstract 

Gobiomorphus huttoni is a predatory carnivore, feeding almost exclusively on 
stream bottom invertebrates. Diptera make up a large proportion of the diet; 
but other components are variable in importance, depending on habitat type, season 
of the year, size and sex of fish. The proportion of Diptera in the diet was found 
to decrease with growth of the fish, and was lower in the faster flowing, more rocky 
streams where these remained unpolluted. The small number of types of organism 
preyed upon suggested selectivity in feeding, although the total number of organ¬ 
isms contained in any fish also tended to be small. 

Introduction 

There is very little published work on the feeding of New Zealand’s native fresh¬ 
water fishes. Cairns (1942) analysed the stomach contents of a very large number 
of eels (both Anguilla dieffenbachii and A. australis schmidtii ), and Phillipps 
(1930) briefly discussed the feeding of Gobiomorphus gobioides, Retropinna 
retro pinna and several species of Galaxias in relationship to the control of 
mosquitoes. Phillips (1929) analysed the stomach contents of 26 bullies, and 
Parrott (1929) the stomach contents of about 120 bullies (in both cases the species 
unnamed), but little has been published about the food of the bullies. The present 
paper presents the results of the analysis of 615 G. huttoni stomachs collected 
mostly from the Wellington area during 1961-62.f 

Various methods have been employed in determining the feeding character¬ 
istics of fishes. 

(a) Numerical Method . . , _ , ^ . 

The total numbers of each food type are determined for each fish, and given 
as a percentage of the total number of organisms present m the fish examined. 


* Present address: Fisheries Laboratory, 27 Wingfield Street, Wellington, 
f This study was part of an M.Sc. degree thesis. 


Published by the Royal Society of New Zealand c/o Victoria University of 
Wellington, P.O. Box 196, Wellington. 
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Fio. 1.—Localities in the Makara Stream. 
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(b) Gravimetric and Volumetric Methods 

Hie weight 01 volume of each of the organism types present in each fish is 
measured, and each food type is computed as a percentage of the total food weight 
or volume for that fish. Alternatively, weights or volumes of food types are treated 
as percentages of the weight or volume of the fishes from which they were obtained. 
Weight and volume determinations may be derived from enumeration methods 
by use of conversion indices based on known average weight or volume values for 
each of the food types concerned. 

(c) Occurrence Method 

The presence or absence of each food type in the fish is recorded regardless 
of the quantity of each present. The number of fish in which each food type 
is present is listed as a percentage of the total number of fish examined. Alterna¬ 
tively, the number of occurrences of each food type is given as a percentage of 
the total number of occurrences, to show the composition of the diet. 

Hynes (1950, p. 37) advocated the “points method”, in which the volume, 
size and number of each of the food types present are estimated visually, and the 
food types are classified on a predetermined points scale. Hynes maintained that 
this method is not influenced by frequent occurrences of small organisms or by 
heavy bodies like snail shells and larval caddis cases. The points method suffers, 
however, from its subjectivity, and from the difficulty in maintaining a constant 
grading level when fish are being examined intermittently over a long period of 
time. This disadvantage probably outweighs any of the advantages. 

Materials and Methods 

In all, 615 G. huttoni were examined for gut contents. Most specimens came 
from the Makara Stream. The Makara Stream (Fig. 1) is a small short, rocky 
stream running through the steep hills to the west of Wellington. The catchment 
is dissected and steep, and the valleys are narrow with little or no flood plain. 
The stream flows mostly through cleared farmland, although there are regions 
of cover from willows, macrocarpas, gorse and secondary regrowth native bush. 
In the upper reaches the stream has a rock-boulder bed and the flow is swift and 
broken, but this changes fairly abruptly to a meandering lowland stream with a 
sand-silt bed. There is a fairly large muddy estuary which empties into the sea 
through a narrow gut. The Makara Stream is typical of the habitat of G. huttoni, 
especially in its upper reaches. Further samples were obtained from the Purau 
Stream (14 fish), Waiwhetu Stream (5), Waikanae River (24), Waikawa 
Stream (24) and D’Urville Island streams (5). These streams were also typically 
rocky streams. 

Of the total of 615 fish examined 253 were male, 248 female, and 114 juveniles. 
A wide coverage of sizes, from 16 to 82mm S.L. (standard length) was obtained. 
Average lengths of the fish were: male 58mm S.L., female 47.5mm S.L., and 
juvenile 28mm S.L. The fish came from a wide variety of habitat types and 
localities and were collected over a period of two years, so that full coverage of 
any seasonal changes in food types was obtained. 

The alimentary canal of the fish was removed fioin the abdomen by making 
a ventral incision of the body wall, severing the oesophagus from the pharynx, 
lifting out the entire gut and severing the rectum at the anus. Individual aliment¬ 
ary canals were stored in 5% formalin in numbered 2 x *in tubes and the standard 
length, sex, locality and date of capture of each fish was recorded against the 
number of each tube. 
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For examination of the food, the gut was opened and the contents displaced 
into a watch glass. Organisms were identified and counted under a binocular 
microscope. The contents of the complete gut of G. huttoni were examined. This 
is not standard procedure in study of the food of fishes, but it was found that, 
in general, food items in the whole gut could be recognised and counted with ease. 
Digestion of food organisms in the gut of G . huttoni is not rapid. No disintegra¬ 
tion of food organisms was noticeable in the stomach and little in the anterior 
part of the intestine. Where the food organisms had become broken up by diges¬ 
tion, identification and counting was carried out, using the heads, shells, or cases 
of the organisms since these are characteristic for each food type, and most resistant 
to digestion. The habit of G. huttoni of swallowing its food entire greatly facilit¬ 
ated identification. 

After consideration of the various methods of study available, it was decided 
that the food items present would be counted, and that, if time permitted, the 
count figures would be converted by use of pre-determined volume, and dry and 
wet weight values for the food types. Shortage of time prevented the completion 
of the study in this manner, and data were analysed on a numerical basis only. 
The occurrence method was used where it was found useful. The occurrence 
values were derived directly from the data obtained in the counting of the food 
organisms. In the text, percentages refer to organism numbers not occurrences 
unless otherwise stated. 


Identification of Food Organisms 

Identification of food organisms presented some problems. Examination of 
the invertebrate fauna of the stream was of assistance. Where species encountered 
were monotypic, or were of isolated distribution in New Zealand, the identifica¬ 
tion was straightforward. This, however, applied only to Paratya curvirostris, and 
was generally not of much assistance. Amphipoda, Oligochaeta (Microdrili), and 
groups of similar nature in which numbers of species appear to occur in relatively 
uniform habitat, and which require considerable familiarity with the group for 
identification, were regarded as insufficiently important for specific or even generic 
identification, and were grouped in larger taxa as was found convenient. As the 
identification of Insecta is largely dependent on imaginal characters, identifica¬ 
tion of the insect larvae to species was generally not possible without raising the 
imago from the larva. Where specific identification was reliable from the available 
data, it was listed. In other groups (e.g., Gastropoda, Potamopyrgus) , the syste¬ 
matic position at species level is in doubt. 

Diptera. Diptera were identified to family level, the two groups involved 
being the families Simuliidae and Chironomidae. A few adult Diptera were 
encountered, but were not identified beyond order. In the early stages of the 
food study it was found that there had been some confusion over the identification 
of Dipteran larvae and pupae, so that initially the designations Simuliidae and 
Chironomidae were unreliable. Later work was satisfactory from this point of 
view, but because the division of the Diptera into these two groups was not 
complete throughout the study, it was necessary to combine them in the analysis 
of data. In order to gauge the relative importances of the two families in the 
food, the percentages of Simuliidae and Chironomidae in the total count were 
estimated by extrapolation from the reliable rata. For all analysis of data with 
respect to season of the year, fish size, habitat characteristics, etc., the Order Diptera 
was treated without division into Chironomidae and Simuliidae. 
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Ephemeroptera. The only Ephemeroptera present in the food of G. huttoni 
were the Deleatidium-Atalophlebia group, and Coloburiscus. Due to the difficulty 
in separating t eatidium from Atalophlebia in food samples, especially where 
the larvae were small, these two were treated as one. Identification of Ephemero- 
ptera was thus at generic or supra-generic level. 

Trichoptera. Whilst some Trichoptera could be easily identified to genus, 
this was more difficult in other cases. Oxyethira is distinctive and was easily 
recognised, but other forms were identified at family level—either Rhyacophilidae 
or Sencostomatidae. The Rhyacophilid genus was thought to be Hydrobiosis, 
whilst the Seiicostomatid genera were probably Helicopsyche and Pycnocentria. 
I hough these generic names have been used in the discussion which follows, 
identification icmains uncertain. The problems of the identification of Tricho¬ 
ptera larvae arise out of the incomplete descriptions available of the larval forms. 

Coleoptera. Coleoptera in the diet of G. huttoni comprised only the larvae 
of the family Pamidae, the form of which was readily recognisable. Identification 
was not carried beyond the family level. 

Odonata. Few Odonata were encountered, but those present proved to be tne 
damsel-fly genus Xanthagrion. 

Crustacea. Various crustacean groups were present and were identified to 
convenient taxa as follows: Sub-Class Ostracoda and S.C1. Copepoda, Sub- 
Order Decapoda, S.O. Amphipoda and S.O. Isopoda. The only Decapod en¬ 
countered was identified as Paratya curvirostris. 

Mollusca. Mollusca were identified to genus. Specific identification was un¬ 
certain in the case of Potamopyrgus. The other genus present was Latia. 

Identification of the few Annelida and Arachnida was carried only to class. 
All Annelida present were Oligochaeta. 


Errors 

Errors in determining the feeding characteristics of G., huttoni arose from a 
number of factors. Unidentifiable material was not frequently encountered, but 
nevertheless occurred. Because volumetric and gravimetric determinations were 
not carried out, there was no means of assessing the significance of unidentifiable 
matter in the food, and such material was therefore not recorded. Differences 
in the ease of digestive breakdown of food probably led to some inaccuracy in 
recording numbers of food organisms. The cases of Oxyethira, the shells of Pota¬ 
mopyrgus and Latia , and the heads of some of the insect larvae remained intact 
and recognisable throughout the gut. Since Amphipoda, especially, disintegrate 
faster than other food types, their numbers may be low relative to those of other 
food types. 

Only rarely were food items present in the mouth or oesophagus, and fre¬ 
quently the stomach was completely filled with food. It is considered, therefore, 
that the data is not rendered inaccurate by regurgitation of the food by the fish 
at capture. 


Data Analysis 

Because data for each fish were recorded on separate cards, the whole collec¬ 
tion of information was easily manipulated according to the type of results de¬ 
sired—e.g., seasons, growth, or locality changes. Fish samples from which data 
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(percent) 



/ ' 

/ ' 















No. 17 


239 


McDowall — Biology of the Red-finned Bully 

were derived were irregular in size, locality and date of capture. Because of this, 
the data presented in relation to the season and habitat type in which the fish 
were obtained is probably not very reliable. In sorting for seasonal and locality 
changes, because samples must necessarily have come from a particular locality 
on a certain date, each sample remains as an entity within the respective seasonal 
or locality category. If all samples within, for example, a seasonal category, were 
treated as of equal importance (i.e., percentage frequencies from each sample 
were bulked), then the results from a small sample of unusual nature would have 
a disproportionately large influence on the summed data. If, on the other hand, 
data for the category were simply summed, the influence of a particularly large 
sample would be excessive, and the results obtained for the period would reflect 
merely the nature of the food available at the locality from which the large sample 
was obtained. The influence of sampling irregularities was less marked in refer¬ 
ence to size and sex food differences. The sorting of data for these two variables 
is independent of the origin and date of capture of the fish, and the samples 
become freely divided amongst the various categories sorted for. 

It is stressed that the data on seasonal and locality changes are of doubtful 
accuracy and must be interpreted with caution. Where observed invertebrate 
faunal changes in the Makara Stream were paralleled by changes in the food 
complement of G. huttoni , these changes are discussed. Obvious trends of change 
have also been indicated, but the numerical data are probably of doubtful value. 


General Composition of Diet 


Of the 615 G. huttoni examined, 64 (10.2%) had empty guts. These 64 fish 
have not been taken into consideration in the discussion that follows. In the 
551 fish containing food the total number of food organisms encountered was 
7,240, averaging 14.2 per fish. Bulking the results from gut analyses, the following 
figures were obtained (listed in order of numerical importance) : 


Diptera 

4.056 

Ephemeroptera 

685 

Trichoptera 

640 

Amphipoda 

610 

G. huttoni eggs 

366 


Ostracoda 

361 

Gastropoda 

250 

Coleoptera 

136 

Others 

136 

Total 

7,240 


Diptera comprised mostly Chironomidae larvae (about 3,850) with a few 
Simuliidae (170) and even fewer Dipteran imagoes (32). Ephemeroptera were 
almost entirely Deleatidium-Atalophlebia, although two examples of Coloburiscus 
were found. Trichoptera comprised mostly the larvae of Oxyethira (452) with 
Hydrobiosis (202) also prominent. Two examples each of Pycnocentria and 
Helicopsyche were identified. Of the Mollusca, 211 were Potamopyrgus and 39 
Latia . 


Included in the category “ others ” in the initial listing were Annelida (18), 
Ccpepoda (23), Cladocera (29), Odonata (7), Arachnida (8), Isopoda (1), and 
Decapoda (1). The Odonata were Xanthagrion and the Decapod, Paratyacurvi- 
rostris (freshwater prawn). The relative importance of the food types of G. hut¬ 
toni is shown in Fig. 2. 


For further data analysis and discussion, attention has been confined to Diptera, 
Ephemeroptera, Trichoptera, Amphipoda, Ostracoda, Gastropoda, Coleoptera 
and G. huttoni eggs, which together comprised 98.8% of the total food. 
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On the basis of the above figures, Diptera were clearly the most significant 
food organisms of G. huttoni, making up 57% of the total food on a count of 
food items. Diptera were followed in abundance by Ephemeroptera (9%), Irich- 
optera (9%), Amphipoda (8%), eggs of G. huttoni (5%), Ostracoda (5%), 
Gastropoda (3%), and Coleoptera (2%). If data had been obtained on a volume 
basis, it is clear that the importance of the smaller organisms Diptera, Amphipoda, 
Ostracoda, G. huttoni eggs—has become exaggerated in comparison with that of 
the larger Ephemeroptera, Trichoptera and Gastropoda. Analysis of the data 


100 



Fig. 3.—Percentage frequency of occurrence of major food types. 

from frequency of occurrence only produced a somewhat different picture, show¬ 
ing that Diptera were present in 54% of fish examined, Ephemeroptera 37%, 
Trichoptera 36%, Gastropoda 17%, Coleoptera 13%, and G. huttoni eggs 2% 
(Fig. 3). The relative importance of Diptera was markedly reduced, although the 
group remained the dominant food type. Reduction in the position of G. huttoni 
eggs was in keeping with their significance, the high place in the order of numerical 
percentages being due to the presence of large numbers of eggs in a few (10) 
fish. 

In general, the number of types of food in the gut of G. huttoni was small. 
Whilst the maximum number reached was eight, the sub-maximal number was 5 
and the mean value for 551 fish, 2. Distribution of the frequency with which 1, 
2, 3, 4, 5, and 8 different types of food were present is illustrated in Fig. 4, and 
this clearly shows that a high proportion of the fish had only 1 or 2 food types 
in the gut. There was progressive reduction in the number of fish having an in¬ 
creasing number of food types. The example in which 8 food types were present 
contained the following: Simuliidae (13 examples), Latia (12), Parnidae (5), 
Ostracoda (4), Oxyethira (3), Hydrohiosis (2), Chironomidae (1), Amphipoda 
(1). The low number of food types in the gut of G. huttoni in comparison with 
the total number of organisms present, suggests selectivity in feeding. Even though 
the average number of organisms per fish was often fairly low, the numerous 
examples of fish where the number of organisms was high, indicated selective feed- 
ing by these fish. Typical cases of gut analyses indicating selectivity were as 
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NQ OF FOOD TYPES 

Fig. 4.—Frequency of occurrence of 1, 2, 3, 4, 5 and 8 different food types per fish. 


follows: Diptera 332, Amphipoda 1; Diptera 152, Deleatidium 1; Diptera 175; 
Diptera 121; G. huttoni eggs 183, Oxyethira 5, Ostracoda 1; Deleatidium 47, 
Diptera 14, Amphipoda 1; Amphipoda 53; Ostracoda 50, Potamopyrgus 2. Fur¬ 
ther examples of high frequency occurrence of food items were: Diptera 94, 89, 
97, 70, 69, 60; Potamopyrgus 37, 45; Ostracoda 34, 29; Oxyethira 22, 26; Amphi¬ 
poda 24, 27, 27, 24; Deleatidium 26, 23, 23, 21. Most of the examples cited con¬ 
tained a high proportion of Diptera larvae, which, as already indicated, occupied 
an important position in the diet of G. huttoni. This fish thus appeared to be 
highly selective for Diptera larvae, and in particular, Chironomidae. High density 
occurrence was not found for either Hydrohiosis or Parnidae, which, although 
important as G. huttoni food in the overall analysis, were found to occur in numer¬ 
ous fish but in small numbers in any individual. Selectivity of feeding is dependent 
on the availability of a choice of foods to the fish. Observations in the Makara 
Stream and at other localities showed that this choice was probably present wher¬ 
ever G. huttoni occurred, and throughout the year. 


Table I 


Differences 


Diptera . 

Ephemcroptcra 

Trichoptcra 

Coleoptera . 

Ostracoda . 

Amphipoda . 

Gastropoda . 

G. huttoni eggs. 

Total orgs. 

No. of fish examined 
Mean orgs/fish 


in the 

Food of G. 

huttoni 

Related to Sex 




Male 

Mean 

Female 

Mean 

Ratio 

Dominant 

Total 

orgs/fish 

Total 

orgs/fish 

M/F 

Sex 

1,584 

6.3 

2,366 

9.5 

0.66 

F 

253 

1.0 

361 

1.5 

0.67 

F 

334 

1.3 

311 

1.3 

1.00 

-— 

72 

0.3 

58 

0.2 

1.50 

M 

251 

1.0 

90 

0.4 

2.50 

M 

206 

0.8 

284 

1.1 

0.73 

F 

243 

1.0 

64 

0.3 

3.53 

M 

319 

1.3 

47 

0.2 

6.50 

M 

3,267 

13.0 

253 

12.9 

3,581 

14.5 

248 

14.4 

0.90 

F 
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Comparison of Food in the Makara and Other Streams 
The food of G. huttoni from the Makara Stream was compared with that of 
samples from various other localities as listed in “ materials and methods 55 (Fig. 
5). Apparent differences were the comparatively low values for Ephemeroptera 
and the higher values for Amphipoda and Ostracoda in the Makara fish. In both 
groupings most of the food was Diptera larvae, with Ephemeroptera and Trich- 
optera also significant. Since the general composition of the diet appeared similar 
in the two sets of data, the Makara data can be regarded as reasonably typical of 
the food of G . huttoni . 



Pig. 5. Comparison of food types in Makara Stream with food in Waikanae and other 

rivers. 

Sexual Differences in the Feeding of G. huttoni 

I he data were analysed for differences in the feeding preferences of the sexes. 
The results are shown in Table I. Average values for total organisms per fish 
for each sex were found to be 12.8 (male) and 14.4 (female). The male was 
found to have consumed more G. huttoni eggs than the female, and also more 
Gastropoda and Ostracoda. Figures for the male also exceeded those for the 
female in Coleoptera, but the female was found to favour Diptera, Ephemeroptera 
and Amphipoda. The predominance of Diptera and Amphipoda in the female 
and of Ostracoda and Coleoptera in the male may be related to the habitat differ¬ 
ences noted for the sexes in the study of the life history of G. huttoni These 
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habitat differences (see McDowall, 1964), would lead to different food types being 
available to the fish. This reasoning cannot, however, be applied in the cases of 
Potamopyrgus , which was abundant everywhere, and of Ephemeroptera, whose 
habitat was generally more similar to that of the male fish than the female. 


The Food of G. huttoni in Relationship to the Fauna of the 

Makara Stream 

Information on the invertebrate fauna of the Makara Stream was derived 
from subjective observations during the period of study of G. huttoni and from 
some bottom sampling. 

Food data showed that G. huttoni was entirely carnivorous, and a predaceous 
feeder. No evidence was found to indicate that the bullies fed on stream vegeta¬ 
tion nor that they were scavengers. The food of the fish examined comprised 
99.9% stream bottom invertebrates; the only food items not coming into this 
category were 32 Diptera imagoes and one spider. Food organisms were generally 
of small size. 

Observations of the feeding of bullies in captivity showed that they would 
generally feed only on living and moving foods. Unfamiliar animals such as 
terrestrial Amphipoda, when dropped into aquaria with G. huttoni , were usually 
not taken while they lay still, but the moment any movement was observed, the 
bullies were quick to take them. Familiar food like Potamopyrgus and Deleatidium 
were treated similarly. If the Deleatidium were dead, they were not eaten by the 
bullies. 

Some differences between the stream fauna and the composition of the food 
of G. huttoni were noted. Coloburiscus (O. Ephemeroptera) was abundant in 
typical G., huttoni habitat, but was encountered only twice in the food of the 
fish. This mayfly larva was generally of larger size than the other species, and 
its size, together with its very hard exo-skeleton and external gills, may explain 
why it is neglected as food by the bully. Phillips (1929) found that 26 bullies 
(unnamed sp.) consumed 9 Coloburiscus, so it is apparently taken by bullies in 
some circumstances. 

Olinga, Helicopsyche and Pycnocentria (O. Trichoptera) were amongst the 
more numerous of the stream organisms, but Pycnocentria was present in only 2 
fish, Helico psyche in 1, and Olinga in none at all. Allen (1955, p. 132) found 
that Olinga was of little significence as a food for first year trout ( S . trutta) be¬ 
tween ligand 140mm, but became very important as the fish grew larger. As 
G. huttoni was usually less than 110mm, the failure to utilise Olinga in the Makara 
Stream may be related to the comparatively small size of the bullies. Olviga, 
and to a lesser degree, Pycnocentria and Helicopsyche, are lelatively large with 
hard cases, but this should not be a problem to a voiacious fish like G. huttoni, 
which is capable of consuming whole Lumbricus of 50mm or more, without 
difficulty. 

Plecoptera, common in the mid-reaches of the NIakaia Stream, were not 
present in any of the fish examined. The reason for this is not known. Habitat 
preferences for the Plecoptera in the Makara Stream appeared to be rather similar 
to those of G huttoni , and the Plecoptera do not appear to be secretive. Percival 
(1932) in his analysis of bully feeding, found no Plecoptera in their food, and 
these larvae were also uncommon in the food of trout, making up less than 1% 
of the food. 
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Fig. 6. —Change in diet related to growth of fish. Key to food types: 1, Diptera; 2, Dele a- 
tidium; 3, Hydrobiosis; 4, Oxyethira; 5, Parnidae; 6, Ostracoda; 7, Amphipoda; 8, Pota - 

mopyrgus; 9, G. huttoni eggs. 
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Archichaulioides (O. Neuroptera) was quite common in the Makara Stream, 
but its large size probably accounts for its exclusion from the diet of G. huttoni., 
Habitat type for this insect coincided over much of its range with that of 
G. huttoni . 

Paratya curvirostris and Paranephrops planifrons (Crustacea, Decapoda) were 
both common in various situations in the Makara Stream, but their large size and 
for the most part, their habitat differences, precluded their use by the bullies as 
lood. One bully of large size was found to have consumed one Paratya. 

Extremely large numbers of Microdrili Oligochaeta occurred in the Makara 
Stream. These were mostly found in polluted areas, where G. huttoni was not 
usually abundant. Despite the presence of the worms in the unpolluted areas 
also, they did not constitute a significant part of the food of the bully. Only 10 
Microdrili were found in the 615 fish examined. 

Whilst Potamopyrgus (Gastropoda) was of considerable value as food for the 
bullies, its significance was below its relative abundance in the Makara Stream. 
Potamopyrgus was one of the most abundant of the stream organisms, but was not 
greatly favoured by the bullies and comprised only 3% of the food. 

Planaria, abundant in rocky conditions in the stream, were not encountered 
in the food of the samples of G. huttoni examined, although Phillips (1929) found 
22 Planaria in 26 bully stomachs. 


Cannibalism 

The occurrence of G. huttoni eggs in 10 adult G. huttoni was recorded. 
G. huttoni is a species which closely guards the eggs, yet the eggs made up 5% 
of the total number of organisms counted. This suggests that part of the function 
of nest guarding is to provide a protection against the depredations of other 
members of the species. 


Table II 


Change in the Composition of the Food Related to Change in Standard Length; 
Based on the Number of Organisms Present. 


Food Type 


Diptera 

Deleatidium 

Hydrobiosis 

Oxyethira 

Parnidae 

Ostracoda 

Amphipoda 

Potamopyrgus 

No. of orgs. 

No. of fish 

Mean orgs/fish 


Size Category 



Below 

30mm- 

40mm- 

50mm- 

- 60mm- 

Above 



30mm 

39mm 

49mm 

59mm 

69mm 

69mm 

Total 

nr. 

214 

716 

931 

1,379 

521 

104 

3,925 

% 

67% 

68% 

61% 

60% 

39% 

28% 


nr. 

7 

29 

94 

259 

173 

138 

700 

% 

2% 

3% 

6% 

11% 

13% 

23% 


nr. 

7 

10 

29 

83 

46 

26 

201 

% 

2% 

1% 

2% 

4% 

3% 

4% 


nr. 

10 

39 

95 
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Variation in Diet With Growth 

In order to determine whether there was any change in food related to changes 
in the size of the fish, data were divided into six groups on the basis of standard 
length as follows: below 30mm, 30-39mm 40-49mm, 50—59mm, 60-69mm, 
above 69mm. These divisions were entirely arbitrary. Data were tabulated accord¬ 
ing to the standard length of the fish, and are shown in Table II. Initial data 
analysis was based on the importance of the various food types at each fish size 
category. In Fig. 6, the different food types are graphed against their percentage 
at each fish size grouping, to show the composition of the food for fish of each 
size—i.e., the data are taken from the vertical percentage columns in Table II. 


For fish less than 30min S.L., Diptera were by far the most important food 
organisms, making up 67% of the diet. Amphipoda were second in importance 
at 14%, followed by Potamopyrgus at 4%. Deleatidium, Hydrobiosis , Ostracoda 
and Oxyetliira each amounted to between 2% and 3% each. The same order 
of importance was found for sizes 30-39mm and 40-49mm, but at 50-59mm the 
numbers of Deleatidium surpassed those of Amphipoda (11% compared with 
8%). The importance of Diptera remained high in all these size group¬ 
ings (68%, 61% and 60% respectively). At 60-69mm, Diptera maintained 
greatest importance at 39%, with G. huttoni eggs at 20%, Deleatidium 13% and 
Ostracoda 10%. At above 69mm there were further changes in proportion with 
Diptera 28%, Deleatidium 23%, Oxyethira 13%, Ostracoda 12% and Pota¬ 
mopyrgus 8%. 

The percentages of each food type in the diet of each size grouping were 
graphed (Fig. 7). These show the relative significance of each food type at each 
size grouping—i.e., data from the horizontal percentage columns contained in 
Table II. Frequency of occurrence data, taken as percentages of the total number 
of fish examined in each size grouping, have been superimposed on this series of 
graphs. Clear trends are apparent. The high frequency of occurrence of Diptera 
at small fish sizes (67% at below 30mm) became less marked with increasing fish, 
size, and was reduced to 28% at the greatest size category. Reduction was also 
characteristic of Amphipoda—from 14% to 4%. Compensatory increase was 
marked for Deleatidium (from 3%—23%) and increases occurred in irregular 
fashion for Oxyethira (3%-13%) and Ostracoda (3%—12%). Values for per¬ 
centage frequency of occurrence showed similar trends to those of percentage 
number of organisms present. Trends in frequency of occurrence tended to be 
more conspicuous, but at the same time more irregular. 


The data suggested that the increase in Deleatidium and reduction in Diptera 
and Amphipoda with increasing fish size was related to the ability of larger fish 
to devour larger organisms. The increase in abundance of the tiny Ostracoda 
at the same time threw some doubt on this conjecture. It is more probable that 
these changes in diet were related to changes in habitat type as the fish grew. 
Younger (smaller) fish tended to concentrate in the lowland stream where Amphi- 
pods were especially abundant in the vegetation and Diptera in the muddy pools 
and backwaters. The larger fish lived more frequently in faster flowing water 
where the stream substrate was rocky and the predominant organisms were 
Deleatidium, Potamopyrgus and Ostracoda. 


No. 17 


McDowall — Biology of the Red-finned Bully 


247 




100 

90 


QELEAT1D1UM 


80 

70 


60 


</> 


050 



SIZE CATEGORY 


% Number present. 


100 

90 


OSTRACODA 


80 


1 % Frequency of 
occurrence 

_ Present,less than 1% 


551 G.huttoni 


70 

60 



SIZE CATEGORY 




100 

90 


POTAMOPYRGUS 


80 

70 


60 



SIZE CATEGORY 


Fig. 7.—Relative 
size categories: 1, 


•ortance of different food types at different size categories, 
low 30mm S.L.; 2, 30-39mm S.L.; 3 40-49mm S.L.; 4, 
S.L.; 5, 60-69mm S.L.; 6, above 69mm S.L. 


Key to 
50-59inm 


















Vol. 5 


248 T ransactions —Zoology 



Fig. 8 .—Variation in percentage of fish in each of six size categories with 1, 2, 3, 4 and 5 
different food types. Size categories a-f, as 1-6 in Fig. 7. 

In Fig. 8, the percentages in each size category at which 1, 2, 3, 4 and 5 
different types of food organism were present in that grouping, are shown* Re¬ 
striction of the diet to one organism type was marked in the below 30mm size 
group (Fig. 8a), in which 50% of the fish had only one food type, and none of 
the fish had more than four types. In all other size groups, the values for one and 
two types were similar. In size categories 30-39mm up to 60-69mm (Fig. 8b, c, 
d, e), percentages dropped sharply for fish with three or more food types, but in 
the above 69mm group (Fig. 8f) the percentage for three food types remained 
high but dropped to low values at four and five food types. 

Mean values for the number of food types per fish for each of the size cate¬ 
gories showed that the value was low for the below 30mm group (1.2 types per 
fish) but was stable at between 2.1 and 2.2 for other size categories, to give an 
overall average of 2.0 food types per fish for all the fish examined (Fig. 9). 



SIZE CATEGORY 

Fig. 9 .—Relationship between mean number of food types per fish, and fish size. Size 

categories as in Fig. 6 . 
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The most niaiked changes in the food of G. huttoni which could be related 
to changes in the size of the fish appeared to be the following: decrease in the 
proportion of Diptera and increase in the proportion of Deleatidium with increas¬ 
ing fish size, and^ greater diversity of food types in larger fish as compared with 
smaller si hillips (19_9) found that Diptera were more important in the 
food of small fish and Allen (1942) reported that soft bodied animals like 
Ephemeroptera and Chironomidae were more frequently eaten by small fish than 
the haid bodied Mollusca and 1 richoptera. This is only partly true for G. huttoni. 
Chironomidae were certainly more abundant in small fish, but for G. huttoni 
Ephemeroptera belong more in the larger, or hard bodied class. 


Variation in Diet With Variation in Locality and Habitat Type 
in the Maicara Stream and Tributaries 

Analysis of food data of G. huttoni in relationship to different stream localities 
and habitat types was carried out (Fig. 10). Samples were obtained from a wide 
range of habitat conditions in the Makara Stream system, ranging from the 
estuary to near the upper limits of the range of the species in the Makara catch¬ 
ment. Various tributary streams were sampled. 

Just below the gorge in the North Makara tributary, the stream bed is of 
boulder construction, with the stream comprising short pools and fast, steep 
riffles (Fig. 1. G). Here, the percentage of Diptera in the food of G. huttoni was 
found to be low (20%), with 43% of the fish examined containing Diptera. 
Deleatidium was found to make up 48% of the food and was the most important 
food type, being present in 75% of the fish from this area. Other important food 
types were Hydrobiosis and Ostracoda. The complete absence of Amphipoda from 
these fish was noticeable (Fig. 10G). 

In the Trotter’s Gully Stream (Fig. 1, F) which is of similar character to the 
North Makara Stream, the diet was spread amongst Diptera, Deleatidium and 
Ostracoda, in order of abundance, with Potamopyrgus low in frequency (Fig. 
10F). A large sample of fish was taken from the Hawkins’ Gully Stream, which 
enters the upper estuary of the Makara Stream (Fig. IB), and this stream is 
similar in character to the North Makara Stream. The diet comprised Diptera, 
Deleatidium, Potamopyrgus and Hydrobiosis as the main components (Fig. 10B). 

These rocky streams were all characterised by the relatively low proportions 
of Diptera in relation to the overall proportions of Diptera in the total analysis. 
Proportions of Amphipoda were also low in the rocky streams, but those for the 
larger rocky-stream Insecta— Deleatidium and Hydrobiosis —were generally higher. 
Oxyethira was particularly important in the Trotter’s Gully Stream sample, but 
was less common in the other two rocky stream localities. 

A small sample of 9 fish from a tributary in the upper reaches of the Makara 
Stream (Fig. 1, H) proved interesting. This tributary is small, about 12-18 
inches wide, and comprises short pools and short, swift riffles and cascades. The 
diet of these 9 fish was found to be mostly Deleatidium (65% by number, present 
in all 9 fish) with Amphipoda present, and Diptera very low indeed (2%) (Fig. 
10, H). A stream of similar structure, but subject to pollution from farm effluents, 
enters the Makara Stream about 400 yards downstream from the mouth of the 
Trotter’s Gully Stream (Fig. 1, I). The diet of samples of fish from this stream 
(Fio- 10 I) comprised 85% Diptera, with small proportions of Amphipoda, 
Deleatidium and Hydrobiosis. Hirsch (1958) found that Chironomidae (Diptera) 
were resistant of intense pollution, and the marked difference between the results 
for these two streams can be attributed to the influence of pollution m the second. 
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| n .‘ l sect ' on °f Makara Stream where the valley narrows to a gorge (Fig. 1, 
' ! s 1 " Pr< , a en 10rn pools and riffles strewn with large boulders which gener- 
ally have a thin covering of fine silt and sand. Here the food of G. hut tom was 
70 /c Diptera with small percentages of other food types, of which Oxyethira was 
the most notable (Fig. 10, E). 

At the Ohariu-Makara confluence (Fig. 1, D), the fish lived mostly amongst 
the plant cover of Aponogeton, Potamogeton and Myriophyllum, and the food 
was found to comprise a large proportion of Amphipoda (57%) with Diptera 
present (19%) and Ostracoda and Potamopyrgus otherwise making up the greater 
proportion of the diet (Fig. 10, D). 

About 400 yards above the upper limits of the Makara Estuary (Fig. 1, C), 
the stream was open, with no vegetation, and the fish sheltered under stream debris 
and beneath the overhanging banks. The stream floor was sand in the faster runs 
and silt in the pools and backwaters. Here the diet comprised mostly Diptera 
(59%) and Amphipoda were again prominent (Fig. 10, G). 

G. huttoni was found in the estuary of the stream, usually on a substrate of 
gravel with a light silt deposition. In *the estuary (Fig. 1, A) the fish were found 
to feed most freely on Diptera, Potamopyrgus and Hydrobiosis (Fig. 10, A). 

It was apparent that where rocky substrate and rapid flow conditions occurred, 
Deleatidium, Potamopyrgus, Hydrobiosis and Ostracoda were the dominant food 
organisms of G. huttoni. In silty conditions, Diptera made up a greater proportion 
of the diet. The diet of the fish in the Ohariu-Makara confluence samples, not¬ 
able for the high proportion of Amphipoda, was in accord with the large numbers 
of these animals living in the vegetation in this part of the stream. 

The average number of food organisms per fish was found to vary. Lowest 
values were found in the estuary samples (5 food organisms per fish) and in rocky 
stream (Hawkins’ Gully 3.4, Trotter’s Gully 7.5, North Makara 4.2). Samples 
from the Ohariu-Makara confluence and from the sample area above the estuary 
had values around the overall mean (12.2 and 14.4 respectively). Where the 
numbers of Diptera were high in the gorge section of the main stream and in the 
small polluted rocky tributary, the number of organisms per fish was high (17.3 
and 19.4). In the small sample taken from a tributary of the upper reaches of the 
main stream, the mean number of organisms per fish was found to be high (19.1), 
due to the very large numbers of Deleatidium encountered in the fish from this 
stream. In general, when Deleatidium and Hydrobiosis were present as important 
components of the food, as in the North Makara Stream, the mean number of 
food organisms per fish was low. 

Seasonal Changes in Food of G. huttoni 

For analysis of seasonal food changes, data were divided into four groups as 
follows: December to February, March to May, June to August, September to 
November. These periods correspond roughly to the climatic seasons of summer, 
autumn, winter and spring. Results of this analysis are shown in Fig. 11. 

The average number of organisms present in the fish in each of the seasons 
were: winter 10.8, spring 12.3, summer 13.2, autumn 15.5. Whether the winter 
reduction was due to reduction in the quantity of food available, to inactivity of 
the fish, or to other causes, is unknown. Reduction of the total stream inverte¬ 
brate population was not suspected from observations, but objective data on this 
were not obtained. 
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In the autumn samples, Diptera made up 43% of the food, Deleatidium 25%, 
Oxyethira 13%, Hydrobiosis and Pamidae 7% each and Ostracoda 5%. Amphi- 
poda and Potamopyrgus were present in the autumn samples but were insignifi¬ 
cant. During the winter, Diptera comprised 67% of the food and corresponding 
reduction in the importance of other components of the diet occurred. Most 
significant reduction was of Deleatidium (from 23% to 9%). Amphipoda and 
Potamopyrgus both showed winter increases. In the spring period the Diptera 
figures remained high (67%) and other components remained much the same as 
for winter. Summer reduction in the percentage of Diptera was marked (67% to 
42%) and a rise in the proportion of Amphipoda was recorded (5% to 25%). 
Percentages of other food types showed little change. 

Diptera thus had high values in the winter and spring, low values in the 
summer and autumn. Allen (1955, p. 54) reported that in the Horokiwi Stream 
Chironomidae larvae, which made up the bulk of the Diptera in the food of 
G. huttoni , were found most frequently in the winter. Data from the feeding of 
G. huttoni suggested that in the Makara Stream the abundance of the Chiro¬ 
nomidae remained high into the spring period also. When Diptera values were 
low in the autumn, Deleatidium reached a maximum at 23%, whilst during the 
low summer values for Diptera, Amphipoda became important. The increase in 
abundance of Amphipoda was probably related to the movement of the fish into 
the quiet lowland water after breeding in the spring. Seasonal fluctuations of other 
food types was not marked and changes tended to be irregular. 


Summary 

G. huttoni was found to be a predatory carnivore, feeding mostly on Diptera 
with Ephemeroptera, Trichoptera, Ostracoda, Amphipoda, Gastropoda and 
Coleoptera the other more important food types. The food of the Makara fish 
was found to differ little from that of fish from other localities and the fish were 
found to show considerable selectivity in feeding on particular food types. Minor 
sexual feeding differences were found, but these were probably related to sexual 
habitat differences. Most of the smaller stream invertebrates were preyed upon, 
although Microdrili (Oligochaeta), Plecoptera, and Turbellaria were mostly lack¬ 
ing from the diet. Change of food types as the fish grew larger was found. With 
increasing fish size, decrease in the importance of Diptera and increase in Delea¬ 
tidium occurred, partly due to fish prey size relationship, partially to habitat 
changes. Most marked seasonal food changes were increase in Deleatidium in 
autumn, of Amphipoda in summer, and decrease in Diptera in summer and 
autumn. The total number of food organisms per fish increased from a winter 
minimum to an autumn maximum. 
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